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Abstract 
Ceiling fan is proven to have a beneficial effect on increasing air velocity and reducing temperature stratification and thus saving 
energy for high ceiling applications. Studies show that the velocities produced by large diameter, ceiling mounted fans do not 
produce a negative or positive effect on human comfort. Recently, smaller, high velocity fans have been introduced to the market 
as an alternative to these large diameter fans that provides similar energy savings due to reduced destratification, while still not 
moving the air fast enough to cause human discomfort, though these products have been studied less. This study simulates and 
compares the performance of both large and small diameter fans using a validated computational fluid dynamics (CFD) model. 
Two different types of destratification fans are investigated for their performance in destratifying the air temperatures in warehouse 
style retail stores. A portion of a retail store is used as a base to create the test environment. Simulations show that the small 
diameter high speed fan (SDHSF) is very good at bringing a well-mixed column of air all the way to the floor, but the spaces 
without a fan directly overhead are hardly affected. The large diameter low speed fans (LDLSF) are able to mix nearly the entire 
space, though they created uncomfortable drafts near head height. Between these two fans, the LDLSF is more successful at 
destratifying the entire space, though the SDHSF is better at only destratifying a specific, smaller area. Varying the speed of the 
LDLSF also allows for successful destratification, while maintaining acceptable draft velocities. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CCHVAC 2015. 
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1. Introduction 
Large diameter ceiling fans were introduced in the 1990’s and proven to have a beneficial effect on reducing 
temperature stratification and thus saving energy for high ceiling applications [1]. Studies also show that the velocities 
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produced by large diameter, ceiling mounted fans do not produce a negative or positive effect on human comfort [2]. 
Recently, smaller, high velocity fans have been introduced to the market as an alternative to these large diameter low 
speed fans that provides similar energy savings due to reduced destratification, while still not moving the air fast 
enough to cause human discomfort, though these products have been studied less. This study comparatively 
investigates the performance of small diameter high speed fan (SDHSF) and large diameter low speed fan (LDLSF) 
using a computational fluid dynamics (CFD) tool, and assesses their energy saving potentials for high ceiling large 
space applications. 
2. Simulation model descriptions 
A small portion of a warehouse retail store is modeled. The simulated zone is 40m by 40m and 9m tall, with all 
four walls acting as mirrors to imitate an identical zone on all sides. The winter case was studied because these fans 
are marketed for destratification, which occurs beneficially during heating seasons. A typical commercial building 
load value for a fairly new construction located in Chicago, IL, -42.7kBtu/ft2, was suggested as an appropriate yearly 
heating energy need for such a warehouse, which equates -15.39W/m2, or about -24,600W for this space. The radiant 
loads from people and lighting were neglected because they were included in the load values. The same magnitude of 
heating energy was supplied to the heating system. The floor and ceiling are set to a constant 5°C to represent a winter 
load on the building. A 1000W load is present in the model to mimic some smaller heat sources. The loads are all 
mitigated by an array of nine heating supply vents, each supplying 30°C air at 1 m/s, with a single return vent to one 
side, an observed common practice for US retail stores. The resulting simulation shows an obvious temperature 
stratification ranging from 5°C at the floor, to around 29°C near the ceiling. Overall there is a uniform temperature in 
the upper two-thirds of the space, but this is above the area typically occupied. The temperature at the height of 1.2m 
is only around 12°C, while the average space temperature is 23°C. 
Two different types of destratification fans are modeled for their performance in destratifying the air temperatures 
in a warehouse style retail store: the small diameter high speed fan (SDHSF) and the large diameter low speed fans 
(LDLSF). Figure 1 presents the pictures of the fans in study.  
In order to ensure the fan model performed accurately, the CFD model of the SDHSF was compared to the test data 
from a throwing range test [3]. The test data shows that SDHSF has a unique ability to maintain a significant air 
velocity in a column. The simulation matches the behavior for most of the throw distance, and since the ceilings are 
9m high, and the fans hung at 1m, only the data from 8m and lower is significantly important. The discrepancy in the 
last meter or so of the throw distance should be kept in mind when comparing results, as the real fan is most likely 
capable of mixing air slightly better near the floor, but also would create stronger drafts that may be less comfortable. 
No data was available for the LDLSF, but since it is built in a more typical configuration, the conventional CFD model 
is more applicable. Dimensional data and airflow rate from the manufacturer’s specification sheet were used to build 
the model. The diameter is 4.2672m with a flow rate of 38.7m3/s [4]. 
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(1) SDHSF              (2) LDLSF 
Fig. 1. Pictures of the fans studied. 
 
 
 
 
Fig. 2. Validation of SDHSF CFD model. 
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3. Simulation results 
3.1. SDHSF 
Initially, a single SDHSF was simulated in the test environment, with a slice of the temperature gradient shown in 
Figure 3(a). This result demonstrates fairly well the columnar velocity profile of the fan. Right around the fan, the 
space is very well destratified, however, the rest of the room is unaffected.  
When a second fan, spaced 20m away, was added, the results in Figure 3(b) were obtained. This particular result 
shows minimal interaction between the two fans. Each produces its own column of well destratified air, and there 
appears to be a slight vortex of air current between them, but overall there is no benefit to the rest of the room. When 
the fans were brought closer together, at 10m spacing, Figure 3(c) shows a similar temperature profile as in the 20m 
spacing case, again with no benefit to the rest of the room not directly underneath a fan.    
 
 
(a) Single fan 
 
(b) Fans 20m apart 
 
(c) Fans 10m apart 
Fig. 3. Simulation results for SDHSF. 
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3.2. LDLSF 
The same room was used, but the fans were replaced, with identical spacing, with the LDLSFs that are used in 
actual warehouse style retail stores. The results clearly show that a single LDLSF is more capable of destratifying the 
space, which is likely due to a large increase in flow rate, but also, the large diameter seems to create a larger floor 
area that is destratified. 
 
 
 
(a) Single fan 
 
(b) Fans 20m apart  
 
 
(c) Fans 10m apart 
Fig. 4. Simulation results for LDLSF. 
Adding a second fan at a 20m distance greatly increases the performance. The entire space seems to have a fairly 
homogenous temperature with this configuration. The air pattern forms a small upward draft between the fans, which 
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helps to keep the circulation going and the space destratified. Bringing the fans closer together adds no benefit. While 
the air may have a more homogenous temperature near the ceiling between the fans, there is a smaller floor area at 
that temperature than there was when the fans were spaced at 20m. 
 
4. Test of fan variations  
Several attempts were tested to create a more successful destratification fan system. These included reversing the 
rightmost SDHSF with the aim to force air upwards to create an air circulation effect that might more effectively 
destratify the air. Two cases were tested. In Case 1, the fans were kept in the same position with a 10m separation, 
and in Case 2, the reversed fan was lowered to 4m off the ground. Both cases, however, did not form the anticipated 
circulation and appeared to have no benefit for destratification. 
Since the rated flow rate of the LDLSF seemed rather high, the test shown in Figure 5 was simulated at half of the 
rated flow rate. This actually seemed to cause a higher temperature air swirl pattern, even though it did not reach as 
wide of a volume as the full speed test.  This was accomplished with half the speed, and so approximately half the 
energy input, as well as with lower drafts. 
 
 
Fig. 5. Simulation result for LDLSF with half speed. 
5. Conclusions 
When using SDHSF, significant penetration was noticed where the fans were able to destratify the air all the way 
to the floor with a fairly constant temperature column; however the rest of the room was un-effected. This implies that 
if a large area of space needed to be conditioned, as in a large retail, warehouse style store, a great number of SDHSF 
would be required. This is largely because there appeared to be no interaction when several fans were used in close 
proximity. It is important to restate that the model used was even less columnar, especially around 8m from the fan 
and farther, than the real fan, which means this column would be even more pronounced in an actual application. If 
there was only a small area that was occupied, such as a cashier area in a warehouse, then these fans would be ideal 
to bring the heat down into those spaces without having to condition the rest of the warehouse as much, thus saving 
energy. 
     This high velocity fan creates an air velocity of 0.135m/s at 1.2m off the floor, or an average human head height. 
ASHRAE Standard 55 states that air speeds below 0.2m/s are acceptable for occupant comfort, so these fans do not 
cause uncomfortable drafts and the occupant level, as long as they are at least 8 meters off the ground. 
     Overall, the large diameter fans created a more uniform temperature throughout the space. In fact, a single 
LDLSF, performed better than 16 of the SDHSF in other simulations. When a second LDLSF fan was added at a 20m 
separation, the entire 1600m2 was destratified. The two fans seemed to mix a large volume of air on their own, plus 
create a small upward draft between them that helped to continue the air circulation. However, when the two fans 
were moved 10m closer together, the edges of the room were not mixed as well. Therefore, for these fans, a 20m 
separation, or one fan per 400m2 seems reasonable to mix the air completely. This conclusion matches very closely to 
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the specifications of the fan that claims the fan can destratify an area of 464m2, which also verifies the accuracy of the 
simulation. 
     However, the air velocity measured at the head height directly below the LDLSF reached about 0.4m/s, which 
is double the ASHRAE maximum for occupant comfort. This reveals that the fan might not be applicable in certain 
commercial retail type situation because it would cause uncomfortable drafts, but in a mostly unoccupied warehouse, 
this could be acceptable. The fan was then tested at half the rated speed, which proved that the fan could still destratify 
a large space, but with drafts at the maximum ASHRAE velocity of 0.2m/s. 
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